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L. lNIRODUCT[ON

The method of utilizing eye moveucqts 88 o technique in
investigating the input of visual information to a car driver
!s a relatively new one. Most of the research work has been
carried out in the last ten years. The central goal of this
paper is to review the laryer percentage of this studies.
This review is devoted primarily to the description of em-
pirical findings.

When using the term "eye movements", one does not only
mean the seccading movement of the eye but, importantly, the
eye'a fixations, during which the visual infaormation is
picked up. Therefore, it is paradoxal to use the well defined
term "eye movements" when considering informetion input. Be-
cause of this Jdiscrepancy it is suqgested that the broader
term eye movements behavior, be used to refer to both the

fixated as well as to the moving stale of the eye.

A further goael of this paper is to print out the general
sssumpt ions underlying the analysis of eye movements beha-
vior. These considerationa lead then to the determination of
those conditions under which a resusonable use of this tech-
nique in analyzing car driver's information input can be
incorporated as part of the experimental paradigm.




2. VISION AND ANALYSLS 0OF (YE MOVFH[NJS HEHAVIOR IN DRIVING

Information input and its ndequatobgrocessnnq enables in the
establishment of anticipstory progqrams for future motoric acti-
vity as well as to further the control of the car's present sata-
te. Both feed-forward end feed-backward mechaniams in driving
depend mainly on visual information input. The major role of the

visusl input for steering a car can be aummsrized in the three
following statements:

‘1) Approximately 90 % of the total relevant information far
driving is visual (HARTMAN, 1970; ROCKWELL, 1971; FLSCHER,
1974; SHINAR et al., 1977).

2) Only the visual modality enables in information input from a

grester distance while all other are limited either to a near

distance (o.g. hesring) or to s proximity range. The major
importance of the distance, out of which the information can
be picked up ia the following: The grester the distance bet-
ween driver and s detected event, the more time is left hix
for plenning his future activity. Presumasbly, the more time
is left him, the more sccurate and sdequate his future scti-
vity will be, and

3) The visusl modality enables in the inputting of the most pre-
cise information sbout directions, distances, forms, veloci-
ties etc. The dominant rols of these factors for steeriny a
car need not be emphasized here.

The visual activity of a car driver is manifested in his eye
movements behavior, which refers hero meinly to the fivetiona
snd the saccedic movements of the eye. As the other kinde of the
eye movements do not play s major role in information squisi-




OREPEND 0 WP o

tion, they will be considered in special cases only. The central
presuppositions for analyzing the eye movement = behavior are the
follcowings
P
1) Information input occurs during the fixations of the eye.
Therefore, these fixation sequenées might be attributed to
flow of information processing or, on the other hand, repea-
ted fixations on the same tarqet could indicate that tar-

get's importance.

2) The target fixated represents a selection of avaeilable infor-
mation. During it's processing there occurs a further selec-
tion in @ higher level which remains, however, uncontrolled,
and

3) During the saccadinyg movement of the eye there is a drastic
increase of the perceptual threshald, which inhibits the in-
formation input during the efc jerks (VOLKMAN, 1962). Never-
theless, the amplitude of the eye movement cen be considered

as an sttribute of visual search strategy.

The anslysis of eye movements behavior is limited in the di-
rect study of peripheral mechanisms, i.e., information input.
Centrel mechanisms, i.e.,information processing, can not, there-
by, be considered directly. Nevertheless, it is assumed that
the peripheral mechanisms can be attributed to the central ones
as io discuseed i1n & later section. Aut what are the esaential
adventegeous and investigationsl goasls of cer drivers eye move-

ment s behavior anslysis?

Une main adventage in investigating eye movements behavior
is the fact thst we can consider not only the avesileble infor-
mation in qenersl but its perticuler parts, which « driver ue-
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lects as manifested by his pattern of fivation. In this menner
a4 better approuach 13 uaranteed in xnveétiqatan-the ac tual
tnformation input to the black-box-driver, whose reactions are
prancipally measuresble. Further-oro.'in research on road sa-
fety, drivers' asye movement behavior élﬁ be registrated in any
real situation desired. These could be more representative s1-
tudtions for everyday traffic than is normally considered by,
for example, accidont analysia, Eventhouqgh the central goal of
these kinds of experiments is to reduce the number of acci-

- dents, which are not representastive but infrequently accuring

events, the usual end not the extreme occurance might be even
‘of greater importance. In this connection von Kl EBENSBERG's

(1977) staetement 18 of importance, as he states that the cen-

tral topic of the contemporary psychological approach toward
driving is not limited to the analysis of accidents only. The-
ae accidents are only the irreversible result of a seldom cones-
telation of circumst snces and behavior reuctions. Furthermore,
an sccident analysis does not indicate or predict whether the
particular driver was normally able to steer his cer asfety or
not vs to estimate his future behavior. Therefore, as von
KLEBENSBERG (1977) emphanizes, the main topic of contemporary
safety research primerily concerns the active prevention aof

accidents. The proper design for achieving this goal can mare
easily be derived from studies of representative traffic situa-
tions. This requirement can be suitably fulfilled by usinao the
mothod of the eye movement technique.

The long term investigetional objective of studies on car
drivers' eye movements behavior is to find out some important
cues shout the optimal visual design of rosd surfacea und itas
near by surroundings in order to facilitate rational informa-
tion tnput. This problem consints (without considering vebicles
construction), of the proper selectiun and arrangement of re-
levant road elements s well as of the drivers' capability to
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dynamically process the needed i1nformation. From the point of

view of road safety the following aspects are central goals:

1) Mhich is the optimal arrangement of road elements on a spe-
4 .
cific route, especially those routes containing a great
amount of information?

2) IThe yuestion as to whether a driver's capability can be im-
proved for dealing with a grester amount of informstion va
whether sppropriaste driver training programs can be develo-
ped for facilitating the driver's identification of most in-
formetive details, and

3J) The possibility must be considerad that a driver‘s eye move-
ments behavior cen be analyzed for prognostic purposes,

Despite the applied approach, eye movements analysis is of
thearetical interest aleo. The dynamice of visual information
aquisition cen be studied not only in the laborstory but in
reality., while driving the S does nat seesrch for infarmation
because he wasn told to do so but he does 1t in order to survi-
ve. 'hereby, not the artificial but the natural perceptuasl funo
ticning can be investigated. Under these conditions one can
study, e.g., how the information picked up in diacrete "packa-
ges"” can be inteqrated into s subjective temporal and apatial
continuous representstion of the environment (e.q. GOULD, 1976},
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3. ANALYSIS OF FOVEAL VISION- LIMITS AND POSSIBILITIES

While snalyzing eye movements beh.vfor. the targets of fi-
xations are mainly considered. Nevertheless, the foves is
limited to @ visual field of approximstely 2° only, as compared
to the peripheral vision, which covers an anguler area aof
approximately 160°. Even though that the relation between cen-
tral and fovesl vision amounts to cs. 1:1C0000, the fovea plavs
a major role in information aquisition., The mein ressons esre
kisted below:

1) OUnly @ fixated target cen be perceived in detail.

2) The fixsted spat represents an attribute of visual atten-
tion. FESTINGER (1971) suqgests that the eyes are moved also
in ordar to jerk a tsrget’'s 1mage of moment anecus interest
on to the foveas. L

3) The fixstions sre devoted mainly to informstive details but
very seldos to redundant parts of an object observed
(MACKWORTH and MORANDI, 1967; ANTES, 1978).

4) Between successive fixutions of the eye, o csusal relation-
ship can be sssumed (COHMEN and HIRSIG, in preparation) which
might lead to the integrstion of information picked up in
discrete "packsqes” (GAARDER, 1975) in higher centers.

These considerations suqgest that the momentury finstion of
the eye os well es the focus of visual attention are slweys di-
rected to identical tergets (e.q. SCHOILDBORG, 1969). This sa-
sumption ie supported elso by YARBUS (1967) who states that
the next sye fixation will be directed toward that perticuler




target, which contains or might contain relevant infaormation

in relation to a momentary cognitive context. Similarly,
NEESSER (1976) sugqests that an ",..eye movement will be mode
as a consequence of information already .picked up, in antici-
pating more”. These considerations proposé also, that eye mo-
vements behavior is a measureable sttribute of irreversible
coqn;tive activities at a higher level.

Unfortunately, the anmslysis of eye movements behavior is
limited by some factors, which also should be considered, as
they are important for underst anding an observed pattern of
f;xationa. The limiting, but not prohibiting, facts are as fol-

lows:

1) Fixating a tarqet with the eye does not always corresponds
with seeing. Therefore, @ fixation on an object should not
necessary indicate it's perception. Fixation on a tarqget is
only pre-conditional for @ deteiled perception but no suf-
ficient quarantee that that perception will occur. THOMAS
(1968) illust ates this fact by reportirqg about a car dri-

ver who actually fixated on the red light of a traffic light
but, nevertheless, coniinued driving on.

PURKINJE (1825) suqggested at early time, that detailed in- .
formution input must not necesseary nccur in every fixation,
Some of them might be devoted meinly (bhut not exclusively)
to explorstion or even to staring. Unfortunately, objective
criteria, e.g., fivation times, do not refer definetly to
information input (COMEN, 1977). Therefore, eventhough we
cen reqgister every fixated tarqet, we must desl with uncer-
teinty as to whether information input vs processing actual-
ly occurmd. In contrary, we cen alweya be sure thast a non-
fixeted target could never have been seen in detail.

e 9 s S5 e
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Thetetore, two possibtlities are gilven tor tbte ratiaonut
analysis of eye movements behuwvior. First, we are not in-

terested 1n a uingle fixation but on the reqularities of u

visual search strategy. If s target or_an element of the

road s fixeted repeatedly, then the accusulation of fFixa-
tions 1ndicutes xts_xnportuncc. Secondls. we can consider

vnu&ul sesrch not only from & relatively static point of

view, like their frequencies on defined objects, but we ¢

also analyze a temporal sequence of fivations, Thereby, the

sequence of fixastions might be sttributed to flow of infour-
nytxon processed.

A second limitation 1n analyzinyg ecye movemenis bhehavior re-
sults from the fact that the eye is functioning as s two
chennel processor. Information 18 picked up uimult sheously
through foveal a8 well as through the uncontrolled extra
foveal vision. tven though that peripheral vision does not
enable detalled information 1nput.\thil mode can be suffi-
cient i1n very simple traffic conditions, es shown by Uil St
and ROCKWELL (1971).

A third prablem 'n underst anding observed eye fivations 1s
of a more theortical nature. !t 13 not vet knawn how the
intormation picked up 1n sinyle fixations 18 inteqrated 1n-
to s holistic reprevsentation, This fact cuan highly limit
the phenomenalistic interpretation of ubaserved fination:.,

Two pregmatical considerations must al:o be mentioned. |he
first of them concerns the precisjon of the spparatus used
to registrate the driver's eye movements, which could

fluctuate approximately 1Y, tucthermore, becaute af occur-
rence of vibretions while driving, s readjustment could be
required, The second problem 18 related to the expenditure

o
S

o
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of time needed to analyze the recbrds. When using, for
example, a Videorecorder, 3000 single fremes must be con-
sidered if a period of only one minute's driving is ana-
lyzed. These facts lead to bothiuainq relatively few Ss in
every experimental group as well as to a restraint upon the
experimental routes.

After the genersl assumptions, the adventages as well as the
limitations, of eye movements behaviar have been described, the
conditions must now be discussed under which the applications
of this research method is ressonable in studies related to in-
formation input vs processing., The first condition for reason-
able use of this method is the requirement of rational ir forma-
tion processing of the vaeriable stimuli in contrary to,e.q.,
esthetical judgements.

In order to avoid any uncontrolled information input through
the peripheral vision, the S must be loaded with a great smount
of informetion to be processed in a short time. In such a case
it might be assumed that the relative importance of foveal, as
compared to peripheral vision, should increase because the use
of the fovea garantees the fasted informatiaon input possible.
As a result of this loading the processing capacity, the quota
of the uncontrolled information input should decrease.

The third condition for an efficient analysis is in the
adequate spatial distinction between possible targets of fixa-
tions. These should also be of moderate size (see Fig. 1).

When the conditions for a reasonsble anaslysis of eye move-
merits behavior are fulfilled, then it is at lesst theoretically
possible to find out the relationship between the visugl infor-




relative importance of
peripherai visiop»‘

? great

great

great itarmation load

target's size

Prgure 1: The essential conditions for the reasonable anuly -
s18 of eye movement & bebovior an deiving when rat tunal in-
formation input 18 conunirdered (moaditied aiter ROCRWELE  annd
IWAHLEN, 1977), (1) The relative importance of peripheral vi-
ston should be reduced 1o order ot to avord an uncont rol led
information input through this regron of the retwna, Un t he
other hand, to quarantee the sutticient proaremming of tu-
ture eye movement s, 1t's tmport ance should nat be totally
limited., (2) The intfarmation load must be quite large to
avoid fixationsg on intertering target s, Nevertheless, thas
load of totormation munt not exeed a Y8 proceasing capacety.,
(3) As to o target's nize, this Larget munt be o vrelatively
small and well defined one. In any case, the precigion timits
of the uned regiatrat ing apparat us munt be constdered.
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mation input and the following motor activity needed for cer-
rect steering. If considering vision only, then an accumula-
tion of fixations on specific road elementrs indicates its
relative importaence for driving. Furthermuore, it is possible
to consider the importance of these (arqots in dynamic rela-
tionships, i.e,,as a function of path of driving, drivers’
psycho-physicul conditions etc. Consequently such a method
enables one to find out the relationship between the available
and the required information. Furthermore, all aof these veri-
ables might be related to physicslly quantifisble measurements
of the cer itself such as the traveling speed, acceleration,
steering wheel movements etc. (STUDACH, FISCHER and FRIEDIN-
GER, in preparation). Therefore, the snalysis of drivers' eye
movements behavior facilitates a direct aspproach in the con-
sideration of the most relevant variasbles in the closed loop
circuit of the rosd-driver-vehicle.
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4. PARAMEVERS OF CYE MOVEMENTS BEHAVIOR

When analyzing eye movements behavior, the target in fi-
xation is assumed to be a poseible source of infarmstion in-
put. Some of the limitetions of this analysis have already
been mentioned,but e further esspect must be considered before
the pasrameters of eye movements behavior in car drivers can
be conaidered.

In most deily traffic situations, the drivers' processing
capacity is not totally loaded with relevant infarmetian. This
assumption is supported by BHISE and ROCKWELL (1971) who
showed that use of peripheral vision slone can ensble a driver
to steer a car under simple conditions. SAFFORD (1971, cit.
in BHISE and ROCKWELL, 1971) atoted that caorrect driving cen
be possible for a short while using only the information that
was already stored, that is, without any present information
input. This finding suqgests that drivers can use this spare
capacity to pick up informstion of general interest, e.9., to
observe a pretty girl or presumably even to rest their eyes in
order to avoid fetique in the Ffuture. These considerationa suq-
gests a "leziness hypothesis", Lhat is, the individual degree
to which a driver picka up relevaent information is a function
of the amount of information the driver believea is sufficient
for correct steering. When this subjective level of sufficient
relevant informaetion input is achieved (which cen be influenced
by temporal varisbles like emotional state), the driver might
use his spare capacity for other interfering tasks of genersl
interest. This interference should be, as far an poséible,
either esvoided, to maintain a proper experimental design, or
should be filtered if only the relevant information input is
to be investiqated.
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The analysis of eye movements bahpéior shauld be consi-
dered within the framework of the closed loop circuit of the
rosd-driver-vehicle. The factor of the driver is thereby a
self regulating system. Because he ¢an only use the given
roed for steering the car, the parameter of the path of driv-
ing will be coneidered first and them the variable driver
will be discussed. Finally, research dats on the charscteris-
tics of the vehicle will be presented.

4.1. PATH OF DRIVING

One central question concerns the identification of those
elements of the road which carry the essential information
necessary for driving. In this, both longitudal end lateral
vehiculer status controls should be teken into account as well
as the driver's practice of looking forwaerd in order to detect
potential events at a grester distance, that is, the driver's
anticipation. GORDON (1966) studied this inquiry. He experi-
mentally reduced the drivers' manoculer visual field drasti-
cally either to 4% or to 9.75°% His Ss, who drove & cer with
a velocity of approximetely 25 kl/hl) on a curved two lane
road, were permitted to see the environment only through a

1)All date are given in the metric system sccording to the
internstional conventions, Originel deta given otherwise

were transformed.

o ~—————
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esmall tube. In thie method, the visual input through the
greatest part of the poriphéral vision was excluded. GORDON
(1966) concluded that the information picked up was derived
most)y from only a very few elements 6f.the rocad. These were
rrincipally the roed edges and the center line. These cate-
gories fell into the permitted visuasl field in 99.0 % vs

96.4 % of observsation times, when using, respectively, the
large ve the amall sgnarstus. Becsuse the foves enables a
smaller extention then the used tubes, GORDON (1966) sugqests
that these two categories of roeds elements were foveslly fi-
.xated respectively for 85.7 % vs 80.9 % of total time. This
"result indicates that s relstively small number of tergets
carry the most relevant informstion needed in the proper
stesering of s cer.

To study the visual seerch strstegy under a great load of
relevent informstion, the Ss encountered in the experimental
procedure an unexpected building site (COHEN, 1976). This
site consisted of s crane which completely blocked the path
of traveling. Therefore, the Ss had to drive to the side of
the crsne by using a small ramp thet connected the road with
the side welk (ses Fig. 2). The obtained results indicste
thet the drivers were obviously most concerned with the input
of relevant informetion and not with other tasks of general
inte.est as indicsted by the distribution of eye fixstions.
Moat uf the fixstions were devoted to the small ramp, the
road st the pevement and not to the big and “"sttrsctive"
crene. In 8 control experiment, s further group of licensed
drivers were pro.ontod with e slide showing the semeé building
site, in which the remp was overemphasized (COHEN, in prepa-
ration). These perticipents, whose eye movements were recor-
ded, werv asked to observe the presented slide as if they had
to drive Lhere. This procedure notwithstending, e comple-

2.
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on the road laboratory

{\"Y) 1w
3o} 30}

<

20

llgi!:! l!gilg

target of tixation

tigure 23 The bullding site from which a group of Ss (N3S)
passed when driving a car and of which anather qroup af
licenused Ss (N29) observed as a slide (of the real situa-
tion) in the laboratory.

The corresponding total fixation times in A percentage af
one on well defined targets in both conditions is shown
below.
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tely different distribution of fixations was observed as
compared to the real driving situation, s in the laboratory
the crane was fixated very frequently (see Fig. 2). This
finding indicates that s driver's eye #ovements behaviar
observed on the road can be attributed to a task oriented
visual search stretegy. The S's task depend also on the
vehicle which he steers. MORTIMER and JORGESON (1975) com-
pared the pattern of eye fixations of the ssme Ss when they
operate either & motorcycle or a car. These asuthors pointed
out thet the meen fixstion times are longer when opersting a
aotorcycle than o car. The fivations are elso loceted claser
when riding on @ motorcycle than driving a car. MORTIMER and
JORGESON (197%) suggest thet these differences reflect the
menner in which the driver obtain visual information. The
motorcyclistics are more concentrated than the cer driver
with deteils of pevenent's frictionel characteristics where
they asro moving. It seemes, thersfore, that the visual sesrch
strategy depends on the 3's specific task., This conclusion
is, furthermore, supported by GORDON'e (1966) findings ss
well as by dats regerding the influence of a roed's cherac-
teristics as discussed in the next sections.

b s e

P
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4.1.1. CURVES VS STRAIGHT ROUOAD

The information aveilable from @ curved road is completely
different from that obtained on tt}.iqht roads. FRY (1968)
suggests thst the most precise directional information can
- be derived from the roesd's focus of expension. Becguse the
focus of expansion remains in an invariant reletionship to
the qgeometry of a straight rosd, it is therefore easier to
drive streight asheed rasther than on curved sectionsa. When
onc iv directing one's fixstions towerd the focus of expan-
sion, the praview time is maximized. Objects near to the fo-
cus of expansion appear to be stationary in against to the
rapid relstive movement of other targets in the nesrer dis-
tsnce (e.g. SHINAR, McDOWELL end ROCKWELL, 1977). Therefore,
the optical arrey in curves is of e completely different
structure. The objects do not appesr to be stationary any
more while driving around curves becsuse they are close to
the driver es his sight is limited to & relatively short die-
tence, snd this ie part of sn ongoing continious aslternstion
of targets' directionsl cues. In negotisting curves, in
contresat to a straight route, no constent directional cue is
given but only a pasrsllax of motion is seen. Accordingly, it
is sugQested thaet the visusl search strategy might depend on
environment sl varisbles (as well ss on the sensomotoric
sctivities that will be carried out).

SHINAR, McDOWELL end ROCKWELL (1977) studied the eye move-
ments of cer drivers on both the right snd left curves of &
two-lsne hilly rursl rosd. The experimental section of every
curve was divided into 1) the curve iteelf, 2) the spproech
zone end 3) the streight roed, from where the curve shead

J
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could net huve been seen. Furt hermure, the authors differen-
tiated between curves of similaur physical propertiea that
show different rutes of sccidents. SHINAR, McOOWELL and
ROCKWELL (1977) found a relstionship between the lateral
component af the eyc mavements |nplituio'-nd the charascteris-
tics of the driving path. These findings uhow that on both
kinds of curves, which are, in genceral, uf a mirrored sym-
metry, an asymmetricsl putlern of eye fixations ia observed.
In & right curve most of driver's fixstions are concentrutsd
on the road's right eide, but in a left curve, the fixaticus
are distributed on the road's whole treath, MORTIMER and
JORGESON (1972) found similarity thet in right curves 59 %
of total fixation was spent within a range of 0% 5% ta the
right of ths direction straight ahead. In left curves, on
contrery, 73 % of the totel viewing time were in the range
of 0°-5° on the road's left side.These finding is in sqree-
ment with thet of COHEN end STUDACH (1977). In this experi-
aent, similer cbeervations were mede on a smal) curved rosd
leading through a farest. It wes also determined that the
horizontal eyes movemente amplitude was grester in a left
then in 8 right curve in experienced drivers. This compari-
son indiceted thet eye mevements behevior particulerly de-

pend on the observed peculieritiess of the roud end, in qe-
neral, on the road's gecaetry., Because of these diflerences,
it is suggested thet in both kinds of curves, a dissimilar
strategy for informetion squisition exists which, neverthe-
leas, fulfill the ssme perceptus] purposes.

The observed differences miyght be explained by distin-
Quishing between two different functionsl kinda of informa-
tion input while driving. First, the driver must control
the car’'s position on the lane, {.eo. the latersl control.
The driver do that, presumably, by fixating sither aon the
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right or the left line of his traveling lane for shart
distances. The second functional meaning of an eye fixation
could be in the snticipation of possible events which might
be devuted also for longitudal control. To this tesk e fi-
xation is required that is located ;t'the greatest distance
possible. The greastest preview-vision in a right cuive is
‘given when the driver fixates his eye at the grestest pos-
sible distence along the road's right side. In contrast,
when driving sround @ left curve, the S must fixate his eye
along the path's left side in order to see as far ahead ag
possible (see Fig. 3). Therefors, the observed greater
distribution of fixastions in s curve to the left, as compa-
red to s curve to the right, reflects a process of time
sharing between fixations devoted mainly to the car's posi-
tional control, snd enticipation of future events. While
driving in a curve to the right, both purposes cen be ful-

filled in the process of fixating targets to the right, e.q.,

either in near or far distance.
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longitudal contrel anticlp
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Figure 31 The schematic presentation of the primary zone of
visual searching in a left end in a right curve. The anqular
distence of this e“fective zone is limited in every curve by
the direction of fixations devoted mainly to anticipstion and
longitudal control and in thone devoted meinly for laeteral
control. This unqular distance is greaster in a curve to the
left than to the right. Therefore, because of the time shar-
ing butween both functions, s grester amplitude of eye move-
ments 18 evoked in a curve to the left then to the right.
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The considerations discussed above are supported al so
by the analysis of the vertical ampliﬁude of eve movement s
(SHINAR, McOOWELL end ROCKWELL, 1977) as well as by that of
fixstion distances. In alternste order some fixations cor-
responds with higher anqular values (i.e.,greater distesnce)
followed by further ones corresponding with lower angulaer

‘values (i.e., short distance) and so on. VThis sequence is 1n

accordance with fixations devoted alternately mainly for 1a-
teral control vs anticipation and they are respectively lo-

cated on objects in short and far distance as GORDON (1966

could point it out by using more direct measures.

As some differences in the recording of eye movements
behavior between & curve to the right snd tc the left have
been pointed out, it might then be concluded that a change
in & visual search pasttern occurs when one enters a curve
from a straight roed. The questian at this point is, then,
whether the altered strategy of visual search might be
attributed to an enticipetory procesa. This sasumption is
confirmed by two independent studies. Just before entering
a right curve, 8 decrease of fixation times could be ob-
tained as compsred to those observed on the previously tra-
veled straight section (COHEN end STUDACH, 1977). This find-
ing 1ndicates en incressed visual search uctivity. Further-
more, fixstion locetions, which were directed quite frequent-
ly toward the future path of driving, suqgests that the
driver picks up informetion from the coming curved path of
traveling prior to its actual enterance.

On a two Lane rurael road, an incressed visual activity
tan be obtuined already in the spproach zone, which is grea-
ter thenr on a straight roed, end sutprisingly, this activity
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18 even more distinquishable than while driving i1n the curve
1tself (SHINAR, McODOWELL end*ROCKWELL, 1977), This finding
indicates clearly that the above discussed putteras of eye
movements behavior in the two curve types is established
through ean anticipatory process ocguring during the negotia-
tion.

The considerations on driving in curves vs in approach
zone support DILLING (1973), who stated that, from a per-
ceotual point of view ths road's physical parameters do nat
describe a curve fully. He suggests that instead of dealing
with the curve's cherscteristics only, one must alse consi-
der the distinguishing features of the approach zone.
DILLING (1973) proposesusirg the term curvature for calculat-
ing the combined characteristics of the curve itself as well
as it's approach zone. This procedure might encompass mare
of an adequate perceptuasl definition. Also SHINAR (1977)
pointed out thet a road's curveture plays a major role in
estimating the Jegree of the curve to come.

A section’'s curvature considered in relation to the
frequency of accurring accidents, influences the meen fixa-
tion durations, as SHINAR, McDOWELL and ROCKWELL {1977)
pointed out. The fixation times in curves with a frequent
accident rate are longer (0.48 eec ) than in accident-free
curves (0.39 sec ) with similar physical characteristics.
The incresse in fixetion times is, furthermore, cdifferent
in both types of curves. In a left curve the deviation of
fixstion times is greater in the spproach zone then in the
curve itself. The contrery 18 true in s curve to the right.
This difference is noted by SHINAR, McDOWELL and ROCKWELL
(1977) and they esttribute it to the dissimilar viewing
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conditions of the road's right side in both types of curves.
While the right shoulder of a left curve can be seen from a
yreater distence, the shoulder can be recognized in a right
curve only in the curve itself. Therefore, the increased de-
viation is observed when the S can anticipate the future
path of driving in relation to the curvature. The increased
deviation in fixation times, might, presumably, correspond
with an increesed visuel search activity. This assumption

is supported by the fect that experienced drivers tend to
mani fest a more uniform visuel activity and to locate a
greater part of their fixationsas far shead as possaibly for
maximizing their preview time.

In summerizing the comparison between curved and straight
sections, it is suggested thet visual activity depends on
the characteristice of the path of driving, presumebly be-
cause the driver neods, correspondingly, a different amount
of information for the vehcile's control. This amount should
be greater in a curve than on & straight path of driving.
The greecter load of information in curves corresponds,
presumably, with the esccident rate as compared to that of
straight roads (e.q. STUDACH, 1977). The driving risk espe-
cially increases when the road's curvature does not allow
for en adequate input of information, i.e., lesding to a
discrepancy between the physical and the perceived curvature
(e.g. SHINAR, 1977).
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4.1.2. TRAFFIC CONDITIONS

The influence of treffic conditions on e driver's visual
search has been only rarely investigated, nevertheless, this
influence can be considered from two qeneral points of view,
First, with an incressed faemiliarizstion of the path of
driving, the driver needs, presumably, to pick up a corres-
pondingly decreased amount of informetion in order toc cons-
truct the similar cognitive representations of his enviran-
ment. With repeated driving on the seme route, the road's
elements become increessingly more redundant. On the other
hand, the traffic situation is not only determined by a
perceptual leerning but slso by an interaction with other
drivers. These drivers constitute e continiously changing
source of information which every driver must consider.

4.1.2.1. FAMILIARIZATION OF THE DRIVING ROUTE

The role of route familiarization on eye movements beha-
vior was studied by MOURANT and ROCKWELL (1970) who partly
simylated this situetion. Their Ss drove a car three times
on the ssme rosd. In the first run they were instructed,
to coneider every sign as if they were looking for informa-
tion needed in order to locally orientate themselves. In
the second run they were told to tske into account only thase
signs which they beiieved to be importent. In the third run,
however, the drivers were told not to coneider any sign,
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in other words, to drive as if they were completely accusto-
med to the route. The results indicate that an incressed fa-
milierization influences the car driver's pattern of fixa-
tions. The mean locus of fixations in the third run was for
a shorter distance, thus indicating a decrease of informa-
tion input needed for anticipation. Also, the lateral
distribution of the figation narrowed. In all runs, the
average location of the fixations was on the road's right
side, but this finding was more pronounced in the first than
in the third run, although amounting then to still 1°.
MOURANT and ROCKWELL (1970) suggest that a route's familia-
rization plays a determining role in a driver's visusl
search strategy because he attends mainly to those relevant
targets whose meaning is uncertain.

4.1.2.2. CAR FOLLOWING

The traffic situation is partly determined by the
presence of other drivers on the road. Within this frame,
MOURANT and ROCKWELL (1970) studied the influence of @
leading car on the follower's eye movements behavior. The
Ss hed to follow a car in @ distance of ce. 25 m and with
s tra.eling speed of ca. 80 km/h. The results show that a
lesding car influences the following car driver's eye move-
ment. 't is apparent that the spatial distribution of eye
fixations is narrowed under the car, following corditions,
both in lstersl as well as in longitudal directions. A
great part of the fixations is accumulated just sround the
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leading car or directly on 1t. As an example, on a aopen

road 12.0 fixations per ainute on the average are located

on the cer's own path of driving. When following a car, a
meen of 76.7 fixations per minute 1; devoted either to the
car'e own path of driving or to the leading car. This re-
‘sult indicates clearly that the driver is highly aware of
the leading car and becsuse of this, he tends to neglect
other targets, such as treffic signs. But, in contrast, the
driver devotes more fixations to maintein lateral control

as manifested by 7.4 fixetions in close proximity to the
road's center line, instead of 4.3 fixstions per minute on
the average under open roesd conditions. In relation to the
fixations that are devoted mainly for lateral control, there
ie simultaneously a decrease of anticipatory visual input as
indicated by the decressed average fixation distance. Also,
fixation time becomes longer, (from 0.27 sec to 0.3]1 sec )
snd this might correspond to a decreasned visual search
ectivity.

Car following, as compared to open road conditione, seems
to csuse a perceptual narrowing. Presumably, the driver in-
tensly observes the lesd car, because he must ad just his own
activity within a short time to this leading car, especially
when the lead car is breking. With increased following
practice of the same car, there is also a tendency to
decrease his observation time, probably, because the acticns
of the lead car are suomewhat essier to predict. On the cther
hand, it is also possible that the tollower can also rely on
the leeding car,e.g.,like in foggy woather to show him the
future path of driving. Both of these sugqeations ere not
exclusive alternstives but rather complementary ones.
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4.2, THE HUMAN F ACY OR

4.2.1. DRIVING EXPERIENCE

Adequate recognition of traffic circumstances as well as
the planning of future sensomotoric activities, requires a
selection of available informaetion as menifested by the
discrete fixations of the eye. A further selection occurs
when the obtained informetion is processed. The perceptual
activities include, therefore, the synthesis of this in-
formetion within the cognitive schemauta (e.q. NEISSER, 1967,
1976) as well as a feed back of previously occuring senso-
motoric performances. This cyclical functioning, which
fecilitetes correct driving, can elso be celled a tracking
tesk (e.g. FISCHER, 1974).

The visusl sesarch strategy, as manifested by selective
fixations of the eye and a further selectively of process-
ing mechenisms in connection with S's schematas, depends,
presumably, on perceptual learning (e.g. GIBSON, 1969).
Therefore, it is necessary to investigate the role of driv-
ing experience, as an asttribute of perceptual learning, on

visual ~earch strategy.

MOURANT end ROCKWELL (1971, 1972) studied the eye move-
ments behavior of inexperienced drivers st three levels.
These were at the beginning of a driving course (0 hours
experisnce), et its middle (4 hours) ss well as at its end
(8 hours behind the wheel). Also, s group of experienced
drivers participated in the same experiment for the pur-
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pose of studyiny whether novice drivers achieve a similar
level of visual sesarch strategy as that of the experienced
drivers.

In general, ths results indicate a clear relationship
between the visual search activity and driving experience.
The beginning driver's search asctivity is less developed,
even at the end of the driving course, thaen that of the
experienced drivers. The difference between both groups of
Ss is menifested in the lateral es well os in the longitu-~
dsl directions. The novice drivers, in relation to the
exparienced, fixated their eyes on a narrower part of the
rosd. They also fixated their eyes for a shorter distence.
These observations suggests that inexperienced drivera have
s poorer visusl search strastegy, not only because they do
not consider the whole road's breath, vs the fer distence
ahead surroundings, but they also do not use a strategy
which would snable the maximum anticipational awsreness for
future events. furthermore, inexperienced drivers - in re-
lation to the experienced ones - fixate asround the focus of
expansation only quite infrequently, and this is where, as
slready mentioned, the most precise longitudal information
can be picked up. They can,therefore, identify most the re-
levent road targets less eassily ae the experienced drivers
do. The novice Ss sre presumsbly quite concerned with late-
ral information input, ss they fixste on the road's lines
frequently. Beginners, as driving teachers roport.ﬁhnve
grest difficulties in steering a cer straight ashesd. In
agreement with research workers, driving teechers also be-
lieve that the improper "straight" shead driving occure
becsuse the beginners fixste their eyes in the near dis-
tsnce, either on their own peth or on the rosd lines,
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instead of locating the fixstions nesrer to the faocus of
expansion. MOURANT and ROCKWELL (1971, 1972) sugqests that
the different visual search strategy of both groups of Ss
also results because of the S58' different usage of their
peripheral vision, @ fact that uill be discussed at a later
section.

The perceptual uncertainty of novice drivers is mani-
fested in a relatively great number of fixations on the
speedometer. In contrast, they only fixste seldowiy on the
rear view mirror (see sections 4.3.2. and 4.3.3.).

The development of & visusl search strategy is not limi-
ted to the cer's driving course, but it is essentially a
matter of a longterm perceptual learning. Even drivers who
have already driven e cer for approximately 20000 km, use
snother psattern of fixstions while driving around curves
than an other group more experienced Ss (COHEN end STUDACH,
1977). HELANDER (1977) also supports this oppinion on the
basis of pesychophysiologicsl messurements. A stetistic
showing further support of this suggestion cen be derived
from sccident enalysis, where a greater rate of accident
wes found by novice drivers than by experienced drivers of
the seme age levels. This fact can not be attributed to
the driver's unskilled use of sensomotorics only, but also
to an overload of information that %“he novice driver,
presumably, cennot process esdequately and cansequentally,
his resaction might not be properly sleborated.
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4.2.2. THt DRIVER'S CONDITION

4.2.2.]1. BLOOD ALCOHOL CONCENTRATION

A driver's eye movements behavior does not only depend
on his long-term abilities but also on his maomentary con-
dition. For exsmple, it has been frequently suggeated that
alcohol impairs driving ebilities in genersl, but does it
influence the peripheral mechanisms of the visual search
etrategy in particular?

BELT (1969; cit. in BNISE end ROCKWELL, 1971) studied
the influence of the blood alcohel concentration (BAC) at
three lovels (0.0 %, 0.4 % and 0.8 X) sn pattern of fixa-
tions. He pointed out, that the slcohcl has an influence
in two genersl aress on visual search strateqgy.first, the
blood alcohol concentrastion cesused s perceptusl narrowing
which wae indicated by s smaller srea on the road that was

monitored even by the slightly slcoholized dirvers. Second-

ly, thess drivers considered not only s narrower area, but
*hey also loceted their eye fFixstions in an area closer to
t: @ csr then they normally do in sober state. Furthermore,
under the influence of alcohol a tendency toward prolong-
ing the fiyation times could be observed. MORTIMER and
JORGESON (1972) also oblained a significent prolongation
of fixation times under the influence of (.10 % blood
alcohol concertration (but not with o BAC of 0,05 X). For
exampla, the mesn fixstion time of their sober Ss (who
were sociel drinkers) smounted 1.0l sec and with a BAC of
0.10 % it incressed to 1.64 nec un average. Furthermore, @
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tendency to locate the fixations closer in the front of the
car was also observed,

Use of alcohol ceuses, consequently, a regression in
the experienced driver's eye movements behavior toward
.that of inexperienced drivers.

4.2.2.2. FATIGUE AND SLEEP DEPRIVATION

Similar results to those of BELT (1969) were obtained by
KALUGER and SMITH (1970) who studied the influence of fa-
tique on visual search. Alresdy after e driving time of nine
hours the fixstion locstions were seen to become closer to
the car's front. The mean verticel direction of fixationa
was lowered by 2°, meaning that the drivers did not fixcie
st sbout the focus of expansion anymore.

After a sleep deprivation of 24 hours a similar pattern
of fixations was slresdy observed when the driver began
to drive. Furthermore, the visual search atrategy wes less
concentrated, and also, ss KALUGER and SMITH (1970) pointed
out, fixations were accumulated on certain targets which
the drivers normally monitored by periphersl vision. The
fatiqued driver enalogous to the alcoholized ones, slso
tends to prolong their fixastion times.

It therefore seems that there also is in fatiqued
conditions s regression toward the pattern of fixations of

e
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inexperienced drivers. In order to test thie statement,
KALUGER and SMITH (1970) compared their duta with thaose of
ZELL (1969), whu studied inexperienced drivers. The result
indicates that between both groups:of Ss s grest similarity
exists in their visuasl search strategy, such as in the
.loceations, directions and times of fixations, but also in
the number of porsuit eys movements that occured.

4.2.2.3. CARBONMONOXIDE

Carbonmonoxide ceuses @ regression in eye movements be-
hevior. SAFFORD (19713 cit. in BHISE and ROCKWELL, 1971)
pointed out thst an incresse of 10 X to 20 % in the
driver's fixetions on road lines occurs when a concentra-
tion of 20 % cerbonmonoxide was present. Also,the tendency
to prolong the fixstion times wae maintained. A further ob-
servation is thet cer drivers cen steer a car with excluded
vision for 2-10 % less time than under normal conditiona.
All of these findings indicate & reduced effectivity of in-
formation input vs processing. This might heve been due
either to inhibition of either periphersl infermstion input,
its storsge, or that of central processing csepacity. Thia
suggestion might slso spply to the alcoholized end fatigued

drivers.

However, it is quite herd to differentiate clearly bet-
ween the peripheral information input and the central! pro-
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cessing capacity, especially when considering the relation-
ship between both related verisbles. Nevertheless, all
three of the intiuencing veriasbles discussed sbove might
inhibit primarly the centrsl mechenism, which is then re-
flected in the peripheral infornat}on input. The prolonged
fixstion times might indicete » slowed processing rste, and
" therefore, in this stete the eye remains for longer duras-
tions in a fixated stste. Also, certain targets sre fixa-
ted that are normally monitored by periphersl vision, and
this may be becsuse incroased use of the fovea which fa-
cilitates the most rapid information input. Simultaneously,
the functional peripheral vision might be narrowed, as
discussed in the next section,

4.2.3. INFORMATION AQUISITION BY PERIPHERAL VISION

The role of periphersl vision in driving is very im-
portant. FREY (1977) even suggests that the more elaborated
visual search strategy of experienced drivers, csn be re-
leted to their more developed peripheral vision. Also
SCHEERER (1977) proposes s relationship between experience
(in reading) end the size of the functionsl visusl field
which cun be ef{ectively used.

The sdvantages,as well as the limitaticns of the use of
periphersl vision to gather information while driving were
studied by BHISE end ROCKWELL (1971). The Ss' ficst task




~34-

was to follow a lead car on the right lane of the road
{cunsisting of a total of three lsnes) with & traveling
speed of ca. 100 ka/h and et @ distance of ca. 35 m, On the
extreme left lsne was a "target cer" from which a shield
was mounted. The S had to fixate on this shield continivusly
while driving. No other traffic wes present cn this streight
road. The anquler distence between lead end target car
smounted, in this menner, to ca. 25°. Therefore, longitudsl
information could only be picked up by using peripheral vi-
sion. The results suggest thst information input through
this extras fovesl vision is sufficient for driving @ car in
such a simple situation. The S's fixations were accumulaeted
to within an anqular ares of 2° sround the point where the
S was ssked to fixete his eyes, so it is seen that the
driver did not fixate on his ovn pat+ of traveling. Never-
theless, neither the leteral nor the longitudal control was
impaired. Therefore, thess resultas suggest thet use of the
periphersl vision slone cen guarsntes a sufficient informe-
tion input when steering @ csr under quite simple driving
conditions.

In a second experiment BHISE end ROCKWELL (1971) studied
whether peripheral vision sllows one to gather sufficient
information input when changes in longitudal (driving with
s velocity of either 60 or 100 km/h) as well as in latersl
directions occur (thet is done by asltering the visual sngle
between target and lesd cer from ca. 4°.5% to 11°-12%). The
suthore pointed out thet when s change occurs, the eye quite
frequently does not remsin fixsted on the target prescribed
but is directed towsrd the driver's own peth of driving,
especially when & change in driving speed occurs. Even
though the drivers observed their own path of ariving quite
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frequently, the total fixation time was short becsuse the
single glances were also of short duretions. The number of
fixetions on their own lane also depended on the angular
distence between the target and the lead csr. The greater
the anguler distance was, the greater the number of fixa-
tions were directed toward the drivers' own path of driving.
‘Furthermore, with en incressed anqular distance between both
cers, the steering wheel movements increased also, especially
when the S was driving st @ higher velocity. This findings
leads to the assumption that use of the peripheral vision
does not enable enough of a sufficient information input
either for longitudal or for lateral control if any changes
must be considered.

In 8 third experiment BHISE and ROCKWELL (1971) investi-
gsted the preferred time sharing between peripheral and
foveal vision when the drivers were engaged in a further
task. While driving the car with s traveling speed of ca.
60 km/h they had to detect signale (Laendoldt-rings) on the
target cer. The Ss' reaction time was measured. In this
way, the angular distence between terget and lead car could
vary between cas. 2° to 20° corresponding to one of @ total
of four predetermined positions. These changes were achie-
ved by changing the spatial arrangement of the three in-
volved cars. The results show that a good performance in
one task corresponded to a poor one in the second task
for example, if the S drove the cer well, his performance
in the detection task was, in comparison, poor snd vics ver-
ss. The performances observed slso corresponded with the
pattern of eye fixations. If a S fixeted mainly on the tar-
get car, he detected well the presented signals. In con-
trast, if the fixations were directed mainly toward the
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leading car, the driving performance i1ncreased, especially
when the anqulor distsnce between the lead and the target
car dectreased.

The presented study of BHISE and ROCKWELL (1971) sugqgest
the possibility that one can steer a car due to informat:ion
input through the extra foveal region of the retina only on
a very simple route. It is seen thet when any change in
traffic conditione occurs, immediate fovesl information in-
put is required.

When two central tasks are to be solved simultaneousiy,
foveal information input is necessery. Presumsbly, divided
pers foveal information input which concernas two different
tasks, can naot be picked up through peripheral vision only.
In this cese then central vision is required. Two different
tasks can be solved only by a time sharing. The reason for
direct fixations on both tasks alternatively is not only a
problem of detasiled as contrasted to undetailed information
input slone. The fixastion point corresponds aleo with the
concentration of visusl ettention (e.g. SCHOILOBORG, 1969;
FESTINGER, 1971). The peripheral mechanisms which temporar-
ly separate bstween Lhe two tasks by emphasizing only the
one of the both in any given moment, might he needed for
central information processing in order to deal continious-
ly with two different tasks. This suggestion cen also be
related to PIAGET's (1961) centratione-decentration-theory.
PIAGET suggests thet the cognitive representstion of a fi-
xated target is slweys over emphasized in relation to a
non-fixeted one.

o
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The problem of simultaneously dealing with two targets can
also be discussed from another point of view. It might be
assumed, that in e case where two tasks must be considered
at the seme time, the subject must also desl with a quite
greet load of information. In order to pick up as much in-
formation as possible he applies his centrel vision, because

the fovea enables the most repid information input.

A same peripheral region of the retina, as is reported
in LEIBOWITZ (1973) does not allow for e constsnt informa-
tion input but depends primarily on the S's condition. The
functional efficiency of the peripheral vision decreases
when the S must be highly aware of the fixated target
(GASSON and PETERS, 1967) and this especially occurs when
his processing capscity 13 overloaded with relevant visual
information (BURSWILL, 1968) or when he must attend to
further, e.g.,to auditive information (WEBSTER and HASLERLD,
1964).

Experienced stress, in subjectively dangerous situations
(e.g.,diving into the ocean), leads to a perceptual narrow-
ing (WELTMAN and EGSTROM, 1966). In contrast, no perceptual
narrowing occurs when only a physical stress (such as
loosing 5 % of a persons weight within a day) is present
(LEIBOWITZ, 1973). Therefore, a perceptual narrowing, as
LEIBOWITZ (1973) suggests, depends either on an information
loed or on the S's emotional condition. Also, as already
pointed out, the influence of the blood's alcohol concentra-
tion, carbonmonoxide or fatigue narrows the function visual
field. These findings indicate a strong relationship bet-
ween periphersl and central processes.



B T e RV P RS B e SFID Y

-38-

In car driving, a perceptual narrowing might accur an
the result of emotion atress, or sn overload af visual in-
formation (presumably, in connection with the sensomatoric
requirements) as well as because of a divided attention
between different taske. BHISE and ROCKWELL (1971) eleo
suggests, that an increased anqular distsnce between two
relevant taske corresponds with increased perceptusl narrow-
ing. They postulate that in this situation, not only shauld
the peripheral vision decrease, but also that the foveal
visuel input might be less eoffective. The impartance of
these considerations for driving is of a general nasture;
that is, we must avoid environmental situations which would
cause a less effective information input and therefare,
reduced the adequacy to process relevent inforwmation.

4.3, VEHICLE CHARACTERISTICS
4.3.1., WINDSHIELDWIPERS

The function of windshieldwipers is ta increase the
driver's visibility in wet weather. When the windshield-
wiper is operating the driver perceives a periodic movement
st a close distance that might be cslled foreqround. On the
other hand, simultanecusly the whole visusl field is shif-
ted on the retina. At the same time, the driver cen )
compensatorally move his eyes, head or his whale body (e.q.
81221, 1974). The question which arises at thia point is
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whether the periodic movement of the windshieldwiper that

is located in the foreqround, disturbs the information input
from the background, i.e., the road. Therefore, COHEN and
FISCHER (1977) analyzed the eye movements of car drivers on
two sections of a streight road with the windshieldwipers
both on and off. If the information input is seriously
inhibited then it is expected that this will be manifested
in the car driver's eye mavements behavior.

The experiments were carried out in dry westher in order
to avoid the influence of a changing visibility due to
weather conditions, Six Ss drove the car twice on two sec-
tions in @ balanced order with windshieldwiper either on or
off. The results do not indicate any difference in the ex-
perimentel conditions. No significent difference was ob-
served either with the windshieldwiper on or off ar bet.
ween the two road sections as observed in fixation times,
traveling distances or the directions of the eye movements.
Presumably, the consistency of eye movements behavior is
caused primarily by a focus of ettentional switch towards
information in the background (i.e. road) in ageinst to the
foreground where the windshieldwipers move. If so, then the
information input due to binocular vision should not be
interrupted when a target is fixated in the far distance.
The relstively thin windshieldwiper can interrupt the mo-
nocular information input through each eye separately and
only successively, but this cannot happen to both eyes at
the same point of time. Therefore, at least monocul ar vi-
sion is continiously guaranteed. Preasumably, the Ss antici-
pestorily switched their esttention form one eye to the other
one when the image of the windshieldwipers covered that of
the fixsted target (see Fig. 4). From studies on binocular
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tivalvery 1t 13 actuall!y known that a S can veluntarvily
switch his

19730,

attention from one eve to the other (e.g. LACK,

The accomodation of the eve at a greater distance
Iln car Jdriving could even fascilitate this
only a

process because
focused target can be seen most clearlv.

Figure 4: A frontal photo of a § who is driving while
operating the windshieldwipers. [t can be seen that only
one eye is covered by the windshieldwipers while the

other one can still pick up relevant information.

Neverthelass, there are car drivers who report being
distrubed when the windshieldwipers are operating. 0On the
other hand, some drivers forget to switch the windshield-
wipers of f when they are not needed any mare. [t still re-
mains questionable, therefore, whether a sub jective re-
port of the negative influence of windshieldwipers can be
attributed to the driver's persanalitv or to mechanisms at
a higher level. For evample, 1t 13 of course evident, that

the windshieldwipers' periodic mavement is perceived, but
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as the above mentioned results show, no relevant influence
of thias in eye mavements behavior is identifigble. Therefore,
it is sassumed, but is not conclusively verified, that this
movement is compenseted for at a higher level in arder to
maint ain the rational informntlonlinput required.

4.3.2, THE REAR VIEW MIRRGR

The function of the rear view mirror is to efford a
visibility of the traffic behind. This is needed when the
driver intends to carry out a manauvre, but it is also
needed for general control of the situation behind. Such a
control is carried out in leas time when using a rear mir-
ror sas compared to s direct glence backwards, .

It ie @ peradox that car drivers do rot seem to have any
orientstion difficulties when using the rear view mirror,
which reverses the lateral relstionships, in relation to an
every day use of a reverssl mirror (e.g. KOHLER, 1951). The
driver recognizes in the rear view mirror the "real" lateral
relstionships, and he can even estimitate distances quite
adequately. The only targets which steadily remeins rever-
sed are written signs, or the cars license plate. Neverthe-
less, as KDHLER emphasized, the driver is located on the
"right" side of the auto where he should be (see Fig. 5).
Therefore, it can be suggested that drivers has no orien~
tetional difficulties in using s rear view mirror. Further-
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more, even 1f a S sees simultaneodsly forward and back-
ward scenery, he still does not have any difficulty ta go
forward as required (KCLERS, 1969).

L

Figure 5: The traffic situation behind the driver as seen
either through the rear view mirror (left) or seen by
direct vision after the body has been turned backwards
(right). Even though both images are mirrored, the S can
desl with them easily; that is, without directionsl con-
fusion.

Even though that the use of the rear visw mirror does
not present any perceptual problem, it is seldom fixated
on and when this happens, it is only for a short time even :
if the driver changes lanes, as MOURANT and ROCKWELL (1972) g
pointed out. This finding is supported by MOURANT and
OONCHUE (1977) who observed only a few fixations on the
rear view mirror prior to lane changing either on a high
way or in the city traffic. The total average fixation ti-
mes were respectively 2.6 sec and l.6 sec corresponding 4
to only 2-3 fixations.
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When glancing et the reer view mirror, the Tixation times
are quite prolonged, amounting about 0.9-1 sec on an
sverage (MOURANT end DONOHUE, 1977), as compared to forward
vision, where mean fixetion durstions of approximately
0.3 to 0.4 sec cen be observed when driving on a straight
road (COHEN, 1977).

Fixation time on the scenery behind the auto depends on
the mirror used. The durstion time is shorter on the average
when using the left sided mirror (0.85 sec ) than when using
the inside mirrar (0.95-1.06 sec ). There exists also an
interindividual veriebility which, as MOURANT and DONOHUE
suggasts, reflects the drivers individual processing capa-
rity.

Oriving experience does not influence the mesn duration
of tne fixation in contrast to the compensstory head and
eye vovements leading to the fixation. MOURANT and GRIMSON
(1977) pointed out that the experisnced driver tends to
cerry out more predictive compensstory head-eys-movements
(the head is moved firest in the micror's direction follo-
wed afterwards by s saccade) than the novice ones and,
respcctively, luoss classical compensstory head-eye-move-
ments (after the mirror is glenced at 8 compensatory head
movement occurs).

Even though the average fixation times do not depend on
driving experisnce, the rate of fixetion does as do the
total fixstion times. MOURANT and DONCHUE (1977) pointed
out that experienced drivers use the left sided rear view
mirror more frequently then the novice oneas. Therefore, the
shorter fixation times in novice drivers does not results
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due to the interior mirror, but due to that mounted on the
car's left side. These novice Ss instead prefer to fixate
directly or receding scenery by turning their body. This
activity is, of course, associsted with a grester lose of
forward vision time.

Inexperienced drivers fixate less frequently on the rear
view mirror in genersl and even when they do so, they use a
greater wmount of clessical compensatory head-eye-movements
(which requires s longer duration than the predicative move-
ment ) as well as their direct fixations on receding scenery.
MOURANT and DONOHUE (1977) suggests that mirror utilizetion
should be trained in driving coursea. The drivers should
consider the backward situation sufficiently by using apti-
mal operations within as short a time as possible in order
to maintsin adequate forward vision.

Nevertheless, even glances at the airror might not always

be sufficient in checking the whole backward scenery.
Eespecially if a passing car is already beside the driver's
cer, the direct gaze might be necessary. Therefore, beside
the proper use of mirror glances, direct vision taoward the
immediate surroundinqge of the car is of importance.

After the use of rear view mirror has been considered,
the central gquestion srises as to whether the few glences
on the resr view mirror as observed are sufficient in
adequately perceiving the traffic situastion behind. A de-

teiled snalysis of this issue could indicste more sccurately

what degree and of what type treining in rear view vision
should be emphasized when one is learning to drive,
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4.3.3, SPEEDOMETER

The speedometer is an apparatus which enables the driver
to determine his traveling speed, dnd therefore, it repre-
gents a redundancy to movement perception in a longitudal
‘direction. Fixation rats on this apparsatus depends on the
driver's experience. MOURANT end ROCKWELL (1971, 1972)
pointed out, thet inexperienced drivers fixate on the speedo-
meter more frequently than do the experienced ones. Further-
more, with incressed driving experience, the number of
glences at this apperstus decreases. Presumably, with in-
creased driving practice, the S cen better estimate diffe-
rent velocities because he is more trained and also was
frequently reinforced in the past by comparing his own esti-
mations with the objectively measured velocities,

A further varieble that influences the frequency of
glances at the speedometer is the informstion load. SHINAR,
McDOWELL and ROCKWELL (1977) pointed out that, for example,
less fixal.ons are directed to the speedometer in curves
than on straight roads. This instrument is presumably only
then fixsted on if the S is uncertain in his velocity
estimation and still has a spare capecity for switching his
attention from the relevent information located aheed.

N
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5. OUTL UMK

The goal of theee descriptive considerations was not te
offer a theory on the viasual acnrch'in driving, but ta
present the empirical data on car driver's eye movement:
behavior. Of course, not all of the investigations cumpleted
could be considered, but a large percentage have been re-
viewed. A further goal was to illustrats the conditions un-
der which the investigation of the cnr dirver's rational in-
formation inpul is ressonable, if the experimentsr is tc use
the eye movemenis technique,

The results presented sbove suggests that even though the
fixstions and the movements of the eye represent orly a
peripheral criteris for information input, they do refer to
central processing mechenisms. for exemple, if the central
processing mechanism is inhibited (e.g., due to the influence
of eclcohol, fatigue etc.) then it is immedistely reflected
in tho peripheral visual ssarch strategy. The eyes, presum-
sbly, follow only the requirements of the brain for adequste
information input in relstionship with the environmental
conditions. This assumption is supported, for exsmple, by
the central progremming of eye movemente. Therefore, in or-
der to study central processing mechanisms, it is quite im-
portant to know more sbout the phenomenal meuning of every

single fixstion. An importent goal of future investigatione

must be the estimation of those criteria (i.e., some combina-

tion of seversl criteris) which could facilitate the iden-
tification of e fixastion's purpose. Al o, 1nforn|tton input
due to extra foveal vision must be considered,
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Another central issue is the relationship between the
visual information input and the causation of the equiva-
lent motoric reactions. ln this paradigm, the car's phy-
sically measuresable data like acceleration, speed, steering,
wheel movements etc. could be considered. In this way, the
closed circuit of the road-driver-vehicle could be treated

as a single unit.

Ffurthermore, the use of a new methodological technique
in enalyzing the data on eye movements behavior might be
reasonasble. At present, most dats are summerized in the
form of "means” vs "deviations". These messurements are of
a static naturc in contrast to the dynamics of the visual
search a3 well as those of onqoing traffic circumatances.
NEISSER (1976) pointed out that, for example, perception
is, in general, a cyclicsl process, and which, furthermore,
could be regarded ss a self regulating one. These facts
must also be reflected in the method of data treatment if
an adequate understanding of observed real behavior in time

and space is to be realized.
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